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RAMAN ANALYSIS SYSTE M - 
FOR . 

OLEFIN PQJ^ MJCmZATIQN CON TT^nr 

INVENTORS: ROBERT L. LONG & ROBERT E. YOUNG 

FHELD OF INVENTION 

This invention relate^ to spectroscopic in-situ analysis of constituents in a 
chemical reaction. More particularly, this invention relates to spectroscopic in- 
situ analysis of constituents in a slurry loop polymerization reactor. 

BACKGROUND OF THE INVENTION 

Spectroscopic analysis -is a branch of analytical chemistry devoted to 
identification of elements and elucidation, of atomic and molecular structure 
Generally, the identification of elements and elucidation of atomic and molecular 
structure is accomplished by illuminating or irradiating the substance . under 
examination and then measuring the radiant energy absorbed or emitted by the 
substance. The energy absorbed or emitted may be in any of the wavelengths of 
the electromagnetic spectrum. By comparing and/or correlating the measured 
wavelengths absorbed or emitted by the sample with wavelengths emitted or 
absorbed from Known elements or molecules, the information about of the sample 
may be determined. 

More particularly, spectroscopic analysis generally requires isolating a 
portion of the substance under investigation. The isolated portion is then prepared ' 
for. illuminating or irradiating by an energy source and irradiated. The energy 
absorbed or-emitted by the. isolated portion is measured and correlated to values 
derived from know materials measured under similar conditions. 

Spectroscopic analysis is a common tool used in laboratories and industrial 
processes. Its use includes determining the molecular identity and' properties of a 
chemical composition as well as monitoring the progress of a reaction. Whether 
conducting a laboratory exercise or industrial process, this type of information is 
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desirable. This is so becan^ f - 

-ulti stageprocess. , a,eS Pr ° duced * »'le«ed stages h, a 

Per industrial process and parti , 

»«u identification and monitoring of the m ■ reaCti ° ns - 

^mediates, me „ CmSt,tl ' CT,S ' ^ ^ reWti °" 

crmtonment is tire reaction e „ vi T the anal ysis 

of ana lysis in f OImation Ae ' = » *« ™*«. and 

from fte _ the M c - z : :r a short pcn ° d ^ 

"real time analysis"). (otherwise referred to as 

However, there remains many industrial „ roceas . „ 
tndnstria, chemical reaenon : environments' for which 

techniques do not offer ,„ i spectroscopic analysis 

processes. : ^ ap P ljcat 'o» thereof in industrial 

Related.patents included U.S. Patent No s 5 638 179 « <no 
151,474. • 5 >638,172, 5,678,751, and 5, 

SUMMARY OP THE INVENTION 

part.cularly, a slurry loop olefin polymerization reactor Examnl,, r • 
constituents include polymerized and « i • ? of reactmn 

™i , Polymerized : and polymerizable olefins. . Examples of 

polymerized olefins inclndp w o . ,• . samples ot 
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reactor constituent, include, but are not limited to \ „ 

°»«ane monomers, and comonomers ExampJe f ^ ^ 
-nctude, but are not irmited to e^lT 7"^ ^ 

Without limiting the presenl favent . on 
anaiysis technic, the inventors have observed in , "^c 
*at a correiauon between in-snu coiled, R m ^ 
~py) fr om the l„uid Phaae o r:ir (aPf0dUCt0fRaraan 
concenriarion of a, teas, one reactor consent el^P rt h " ^ ^ 

W discovered that fins correlation in 7 ^ —s 

analysis of a, tea t one re t,0n ^ *». 

^oved contrJ 7" * ' ~~ <*» for 

centration of at least one reactor constituent 

~:::::::r:;~:rr-:r™'""-' 
r- ~™ • - — - - .Z7Z7. :::: 

reactor constituent into the realtor in response to ft, • 

- r reactor consfituen. may ^^3^": 

differ ent constituents. ' y ay De 

multi ph'r^r emb0dta »— -W' * olefin polymerization in -„ 

ltd: t reactor ~* * ™ — - - P ■ 

mchtde rradtatmg rn-sm, the reactor consents, measuring scattered ot reflected 
energy torn the irradiated reactor constnuenta, defining f rom tte J^. 
ac ttered or reflected energy a concerns of at ,e,s t one reactor nonatttuent ' 
:l=::ir^:t — — aenormrespo,: 

In another embodiment,! a method of olefin polymerization in a reactor 
cen,a,n.ngteac,orcon S ti ta ent S m a liguid P hase is provided, Tbese metbod steps 
inciude irradiating to . sta the liquid phase , measuring ^ 
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reflected by ft e 

re »etor. oftnefim, reactor COMtiti|eM ^ 

I» another embodi^ moth 
' -ct„ r containing reaMor *o^ fpolyMeri2stiM apoiyo)efin 

. — -p. ^Me imdmting ;y *-> Prided. These 

— t, ^uenciaa a . ^ eWom ****** from ^ 

comparing the concentration of one or m " 

valt-ea that correlate to one or more ^ with one or more 

Md m — '» — .0 the eorre,:: ;T ProPMi6S 

consents i nt0 to rMctor 0m - « of one or more reactor . 

Pelyolefin may. be a melt-flow rate A 2 of the 

"ore reactor co„ sfe ,,en, s ^ ^ ^^T^ — - «« of one or 
. Pr0teed «»> "a defined, in pm by , * ~ «* «« me noiyoiefm 

flowratcrange. ramel, flow rate value within a selected me,, 

In another embodiment, a method of oiefm , 
"actor containing reactor consti-nent • , ^erizafion in a slurry 

~ mcod zzrsz** ■ 

*• ^"ency mattered or refle^d V"" *" **" PW ' 
Poaae, detaining the concentration of hydl ^ " *" 

~d fluency, and metering in r " 46 **" *«* *• 

clcun S> m response to th* ^ 

»e,aored, a flow of the hydrogen into toe l actor « 

1 

F'Sore I is a bJock dia . SWINGS 
- the' slurry loop reactor plant control system ^ ^ *» "~ ' 
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probe tip. 



Figure 3 , an eniarged, f ragmented , ^ ^ ^ rf , ^ ^ 

Kgure 4 ia a lch i c i,h«ra,ion of a labora(oiy steiy reactor 

5a „ a, of ta spec[ra of „ ^ 

Figures, is an «4w view of a pornon offlM spectra ^ , 
.Figure ,s an e, panded RamM ^ of ^ ' 

ngure 9 . , plot of predjcted ^ from ^ w ^ ^ 

DETAHJED DESCBffTION OF THE INVENTION 

Generally, polymerizable olefins include h„t ,. ^enns. 

1Ude ' but are not limited to C2 C3 ron 
alpha olefins, C4-C20 diolefins ron r , C3-C20, 

e r -e oleflue .dude hu, are no, , Inuted to ..J^Z^ 
notion, .ethylene norhornene, vhayl „ orboi?lena arfd ^ - 

i;:t: - ^ — - ~- 

A slurry ioop olefin polymerization re,«ur oin gmmlly be deacribed 
loop.haped continuous , ube , m sorae mstances ; ^ ^ 
general., -0- shaped. One or nrore fluid circu,a U n g ^ ^ „ an ' ■ 
pump, urge the reactor oona.iu.enta within the tube in a desired direction so aa to 
create a circulating current or flow of the reactor constants within the tube 
Desuably, tine fluid circulating devices are designed ,o provtde high velocity of 
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motion and a very i nteMive and well-defined mixing p1ttern of 

::tt rae ™^-^^-^i-"rit;::; 

■« order to remove heat generated by poller polymerization 

m the shuxy IoDp ojkm poIymeri2Iltion 
medrum may include reactor constituents, such „ , ... y ™° n 
propylene and/or a hydrocarbon ^ f ^ ^ «» 
paraffin such • V ' advmt *B«»Mly aliphatic 

paraffin such as propane. , s? butane. hexane, heptane, cyclohexane etc and/or an 
aromatic diluent such as toluene' The „„i 

, , J , POlymenaation temperatures may be those 

grange, such a,np t o abon, ,50= C, desirably from 50" C up to about 80° C 
or a, a between Ae ^ ^ ^ . 

100 to about 700 psia (0.69-4 8 MPal arfatu , . . 

Patents 5 97a „« a Add.tronal descrtption is given in U.S. 

Patent* 5,274,056 m d 4, 182 ,: 8 ,0 and WO 94/21962 which are each 
mcorporated by reference. As a nch, dae „ actor constant geneaaUy a« ' 
cognation of both solid*, .oh aa for examp,e ca,aly stt , aatalyat a ppol 
• olymenzed olefins, and the Iik e as underatood by thoae axiUed in the aland 
Itoutda, such aa those deacnbed above. The percentage oP solids within the 
reactor constituent, may be aa high aa 60 weigh, percent (wt%) oP the reactor 
consents. Desirably, the weigh, percent of aohda Is in <he range.of 45 « to 
50 wt%. 

The alun-y ,oop olefin polymerrzation reactor may be operated in a aing.e 

T Pr ° 0eSS ° r in mUWStage « * Processing, the 

polymenzation of olefins is M „j ed om , n ^ reactoK ^ ^ 

may he configumd in series or id parallel or a combination thereof. Exampjes oP 
other olefin polymerization reactor suitaMe for multistage processing with shnry 
loop olefin polymerization reactors include shmy and slurry loop o.efin 
polymerization reactors, gas phase ofefin polymerization reactors, and other 
moving-bed, fixed-bed, or fluid-bed reactora. 

Without limiting the present invention to any particular spectroscopic 
analysis technique, the present I invention emptoya Raman spectroscopic 
technics to detennine the i„- sta conceniration of at least one reactor 
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consent, such as for example, hydrogen ' and desirably dissolved hydrogen 
. Present in the li quid phase: Samples of other ™ble reactor consent, 
include but are not limited fo -diluents, movers, co^ono^, the identity of 
reaction intermediates, and final poller properties, such as melt flow rate 
comonomer -content, crystalinity, melt index, viscosity index, polymer melt 
viscosity,, density and percent unsaturation, and the like. 

Raman spectroscopy analysis begins by irradiating a material under 
mitigation with energy, such ; as electromagnetic energy for example in the 
v 1S1 ble or near infrared wavelength regions. Upon, impact with the material the 
radiation is scattered, The radiation scattered may be classified as elastically 
scattered and inelasticaUy scattered radiation. The inelastically scattered radiation 
» referred ,0 as Raman scatter. The wavelength, and intensities of the Raman 
scatter make up the Raman spectrum. It is the R aman spectnjm ^ provides 
chemical, structural and other information about the irradiated material 

The present invention utilizes data derived from in-situ Raman sampling 
of reactor constituents in the fiquid phase of a shmy olefm polymeri2ation 
reactor. Such data includes properties and concentrations- of reactor constituents 
This data is used to control the polymerization reaction and final polymer product 
properties, such as melt flow rate, comonomer content, and the like The 
polymerization reaction control is achieved, for example, by metering the flow of 
reactor constituents into the reactor in response to the Raman sampling data This 
and other details of die present invention, will be more fully described by 
reference to the accompanying Figures and the following discussion. 

Turning now to Figure 1, a . slurry loop reactor plant 100 is schematically 
illustrated. The slurry loop reactor plant 100 includes a slurry loop reactor vessel, 
portions of which are designated' by reference numbers 102a and 102b, an 
analyzer system 104, a reactor control system 106- and a reactor constituent feed . 
source 108. An example of a suitable reactor control system 106 is more fully 
described in US, Patent No. 5,682,309 which is incorporated by reference herein 
in. its entirety. 
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Brteflv, the reactor contro! sya te m I0S anMs fte s ,„ riy ^ 
plant processes. These proves include © mam p ulated vlriabIes> ^ „ ^ 
examp.ehydrogen feed flow rate, total feed rate and catalyst flow rare and (it) 
control variables, , such as fori e*amp,e melt flow ratio, ethylene content and 
product rate. The reach* control system ,06 inches , proce3sor , SMS0K and 
sensor circuiray (not shown). The sensors and sensor circuttry provide data such 
as measures of the control variables. The processor provides memory for storing 
data, such as correction time constants, upper and lower limits for control 
vanables and generates signals responsive to sensot data and Htnits data Such 
stgnals genetated by,the reactor contro. system 1M and conveyed by m 
to the reactor constituent feed source 108 can influence toe metering of reactor 
constituents from the reactor constituent feed source 108 through conduit 107 and 
into the slurry loop reactor vessel 102b. 

The analyzer system 104 includes an. in-situ probe 139, such as a fiber 
optic probe, secured to the reactor vessel 102a, a radiation source 1 12 such as a 
■ laser, connected to the probe 139 by a conduit 114, such as a fiber optic cable 
Another conduit 116, such as a fiber optic cable, connects the probe 139 to a 
spectrum converter .118, such as a Raman spectrum converter. The spectrum 
converter 118 is connected via conduit 120 to an analyzer 122, 3U ch as a Raman 
analyzer. The analyzer 122 i S ! connected via conduit 124 to the reactor control 
system 106. 

The probe 139 includes a center radiation transmission conduit (not 
shown), such as a fiber optic cable, for conducting radiation energy from the ' 
radiation source 112 intone reactor vessel 102 and ultimately for irradiating one 
or more reactor constituents.: Surrounding the center conduit is a plurality of 
receiving conduits (not shown), such as a plurality of fiber optic cables, for 
receiving radiation scattered; by at least one of the irradiated reactor constituents. 
The receiving conduits also , convey the scattered radiation to the spectrum 
converter 1.18. 

• ■ * 

In the operation of the present invention, laser, light from irradiation 
source 112 is delivered via an optical fiber within conduit 114 to an optical fiber 



99B029.pw 



within the center radiation transmission conduit which is in 
thP r^r, ■ ■ s m communication with 

. the reactor constituents. Irradiation nfth- * - 

,,■ + - ^raaiatjon of the reactor constituents generates scatter^ 

*e teeetvtng condulta. ^ . tolJected scattersd radiat]on y 

—g conduit, to Spectrum c _ H8 om m ™ - 

within conduit 116: Tn the s'ner+m™ . 

tne. spectrum converter 118 the <srat^r-»^ a- 
filtprprl Kt, o u i , • ' scattered radiation is 

flta* by a holograph, notch filter to remove Shifted radiation. A CCD 
(Charged Coupbe Device) camera records rad.ation intensity ovar a ^ 
ae.ec ed rvave.engths. The selMion of ^ tf ^ ^ 

wave,e„ gl h of the laser Bght ^g 4e reactor consent, and 
conatatue^ being invented. Th6 malyzer ]22 re?eiv6a ~ 
*» doe spectrum c _ u , via coaduit ]2o an * 

preyed to examine ,e,ec,ed wavdengtha corresponding to ^ 
constats ftlt the reactor operator may dMire (o ^ - 

exalte. the wavelength shift of 4140 cm -, „ fte 

; » the slurry toop reactor vesse, 102. The wavelengm ahifts for other real 
may be found in "The Handbook of Xnfrared And Raraan 

Ch„ to b C p-reouencles of Organ, Mo.ecoles, Daimay Un-Vien. a, a,, 
). The recorded intend m .y be p.otted aa peaks of varying heights as a 

one , on of wavetength. ^formation, such M , h e concentoation of the reactor 

consent, naay be estimated bycalcuUbng ,be area under or the heigh, of one or 
more of the associated peaks. Ahernatively, mu.uvariate statistical methoda auch 
as prmctpie component regression or partial-leas, scares regreasiona can also be 
uaed to correlate the concentration of the reactor constituents or polymer 
properhea to the spectia. intensities. The above described irradia.ion/ana.ysis 
cycle may be repeated between ; every 5 seconds to 1,000 seconds or aa otherwise 
desired. 

Data from line analyzer 122, such as the concentration of hydrogen in the ■ 
liquid phase (which may also be referred to as the "dissolved hydrogen 
concentration"), may be. conveyed via conduit 124 to the reactor control Sys tem 
106. As previously described, the processor in the control system 106 can 
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compare the preset, upper and lower limits for reactor constituent concentrations 
• andthe flow of these reactor constituents into the reactor vessel 102 with the data 
from the analyzer 122- and adjust or meter the flow thereof accordingly. 

For example, in the cas'e of an olefin slurry loop polymerization reactor 
hydrogen can serve as a polymer chain transfer agent. In this way, the molecular 
weight of the polymer product can be controlled. . Additionally; varying the 
hydrogen concentration in olefin polymerization reactors can also vary the 
polymer melt flow rate (MFR). In some instances, customers may specify a very 
narrow polymer MFR range for their produces). The present invention allows the 
polymer manufacture to produce polymer having a selected MFR range. This is 
accomplished by knowing the relationship between hydrogen concentration and 
the MFR of polym ers produced by a specific reactor and programming the target 
MFR or MFR range into the control system 106 processor. By monitoring the 
hydrogen concentration data generated by the analyzer system 104 and comparing ' 
this data, to the upper and; lower limits of the target MFR range, the flow of 
' hydrogen into the reactor vessel 102 may be metered so that the MFR range of the 
polymer product may remain compliant with the target MFR range. 

While the above example is specific to hydrogen concentration and 
polymer MFR, it will be understood by those skilled in the art that other reactor 
constituent properties and- reactor constituent concentrations measured , in the 
reactor vessel may also be correlated to final polymer properties. In a similar way 
as described above, the final polymer properties may be achieved by controlled 
metering of these reactor constituents into the reactor vessel 102 m response . to ' 
data generated by the* analyzer system in concert with an appropriately 
programmed processor (programsiwhich are 'readily available or which are known 
to or can be created by those skilled in the art). For example, in the article titled, 
"Modelling Of The Liquid Phase Polymerization Of Olefins. In Loop Reactors" by 
Zacca and Ray which appears in. Chemical Engineering Science . Vol. 48, No. 22' 
page 3743) and the article entitled "Moving-Horizon State Estimation Applied to 
an Industrial Polymerization Process" by Louis P. Russo and Robert E Young 
which appears in the American- Control Conference Proceedings IQQQ 
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D.ego, CA, both of which are hmorporated by rtference herem entirety 
.~*- r - are provided &r :descnbing the dynamics ^ : 
polymery „ f oiefins in . sIurry loffp ^ * 
m* the teachmgs , n Aese ^ ^ ^ * « ^ 

app.to.Me fo, use with the pre?ent inven(10n ^ ^ , ^ J ° £ 

or more metallocene oatsiysfa systems. 

Turning now to Figure 2, a fiber optic probe assembly ,26 secured to thp 
-tut vessel wal, ,28 by en g a g in g fiangea 129 is illustrated . The ^ 
probe assembly ,26 for a mto ^ ^ 

vesse, ,02a. T be fiber opfic probe assembly ,26 ^ a probe ^ 

; d m -* - - «*. , Probe i MI . 

id ."I g 4) SiMd fM Sl,daWy » —My 

otmed fiom statnless steel. Tbe probe ,3 9 includes a fiber opuc channel ,55 

P*» 3) SEed for receiving tbe center fiber optic transmisa.on conduit and tbe 
. fiber opuc receiving cordis described above. Tbe transmission and receiving 
fiber op.,c conduits are g ener,ca,ly iUustrated in Figure 2 by ^ „ 
tdentrfied by the reference number ,43. The center fiber opuc transmiss.on 
condurt and the fiber optic. receiving conduits ,43 termmatc a, the probe bp ,52 
(Ptgure 3). The probe channe, ,38 extends substantial* me ,en g th of.be probe 
bouarng ,32 between, the first and second ends ,34 and ,36, respectively 
Between the fat and second ends ,34 and ,36, respectively,^ pair of ball valves 
HOa and ,40b are secured to tire probe housing ,32 and are atigned with me ' 
probe channe, ,38. The.probe 139 enters fire probe housing ,32 mrou g h a re- 
sea,abie fitting ,4,. The ,,,,,,„ 139 may be ^ 

postponed within the probe channel 138 by a probe insertion assembly 142. 

The probe insertion assemMy 142 4 S secured to the second end ,36 of the 
probe housing 132. The probe insertion assembly ,42 includes a guide rod ,44 a 
plate 146 moveably secured to the guide rod ,44 and m a threaded rod 148 for 
selectively positioning and securing me plate 146 along the lengm of the guide 
rod ,44. A connection ,50 secures one end of the probe 139 to the plate 146. 
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While the analyzer S y Stem m do _„ . 

. -utaeou, correction or Nation of t ^ ^ ^ 

' obtained from an ilradiat6d , °" ° f *« data ^ data 

-d the second end ,36 of the probe bonaing^ t ^ 
140a and ,40b may rotated to ,1 ^ 1,16 ba " Va ' WS 

- -™d,adn g :;i2i:r~ bem ™ th ° — — * 

143. The bal! valves ,56a and ,T * mamm md ""do* 

ntateria, conduit 60 Zalb' " ~ ' ' 

uuu iou. me calibration material conduit i*n ' 

rr ™ source 162 - - — ::::: 

. accuracy checked. i . calibrated or its 

Calibrating the analyzer ay Stem ,04 may Ee perfonMd _ 
™hating a„ d ooIlMlng end;s , f ^ md * * * * 

e Ptobe tip I52 ^ Wlth . quan% Qf ^ reference « « 

reference material is irradiated Qr ^ *u ' 

is conected The ^ *« rrf — — * > 

The reference materia, data „ processed 

compared to known data for the reference material 

Selection of the reference ;ma,e r ia, for cabbration may, in aome instances 

depen upon the reactor co„ ati teent(s) being investigated and or monitored For 

-ample, as described above, vlhen monitoring the concentration of hydrogen in 

be reactor vesae, for purposes df continuing me MFR of polymer product, it may 

be desirable to select reactor grade hydrogen as on^nf tit r 

b lj y ur °gen as one of the reference materials to 

calibrate the analyzer system 104. ] 

Rcfetrmgnow to Figure 3, an e„,a rg ed view of a portion of the probe ,39 
winch teste in the probe channel ,38 adjacent me firs, end ,34 is iunatiated. 



99B0"29.prv 



13 



Slightly rearward of meprobetip ,52 in. direction toward, the second end 136 
oo..* .own), the cross sectiona, area of tbeprobe ,39 inches in a 
154. The flar*d section ,54 facilitates the sealing of the probe ,39 wiftin the 
probe dhanne, ,38. The fr^er optie channel ,55 extends *. ,. ngth of the probe 
139 and is sized for receiving the fiber optie trapsmMng and receiving conduits 

When the analyzer system ,04 is used for investigating and/or mentoring 
uae concentration of hydrogen in a slurry loop, propy.ene polymerization reactor 
specfic, non-ltoiting examples of suitable analyzer system -components include a 
Karser HoloProbe Process Raman Analyzer, manufactured by Kaiser Optica, 
Systems, too. cf Xnn Arbor, MI, a Vislb,e 400mW, 532„ m solid state Diode- 
pumped frequency YAG laser, manufactured by Coherent, Inc and supplied by 
Ka,ser Optical Systems, and ,a Visonex Captron Probe, manufactured by Visionex 
Atlanta GA. ' 

Additionally, it is desirable, but not necessary in the-broadest embodiment 
that the fiber optic probe assembly 126 meet.the following minimum particular 
specifications: operating conditions of 600 psig (41.36 bars) and 165°F (73 9°Q 
design conditions of 700 p.sig (48.25 bars) and temperatures in the range of from ~ 
49*F (35°C) to 302°.F (150*0. Furthermore, it is desirable that the optic probe 
assembly 126, including fiber optics, epoxy and related components, sustain 
without loss of integrity: (i) exposure to light hydrocarbons and TEAL 
((C 2 H 5 ) 3 A1) at concentration in the range of from 0.01 to 500 ppm; (ii) thermal 
cycling from 0°C to 100°C over a one hour period. It is also desirable that the 
fiber optic cables (the transmission conduit and the receiving conduits) be secured 
within and throughout the. length of the probe 139. 

The above description illustrates the use of an analyzer system employing 
a single probe for analyzing one or more reactor constituents. It will be 
understood by those skilled no, the -art that the analyzer system may be configured 
to include more than one probe which may be located at one or more locations 
along the reactor vessel. Additionally, in the case of multistage . reactors, the 
analyzer system may be configured to include probes located at one or more 
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location, along one or more ^ " In tlua wy> ^ „ ^ 
con stltaents may be ana ,^ d at om ^ ^ iocatioM w ^ ^ 

and parhbularly, the overall olefin polymerization process. 



Examples 



The foHowing exampjea are printed to iltastrate the foregoing 
maouasion. Ahhougb fte examp^ may be directed to certain embodiments of J 
Ptesen, invention, tbey ate not to be v.ewed as Ilmiting invemion fa „ 
apecfic respect. Tire Capoten, used and the experiment.! procedure employed to 
obtam the data in the following tables and figures are outlined below. 

Equipment 

The apparatus used i in the hydrogen concentration and polymer 
•properties experiments is schematically illustrated in Figure 4. The equipment 
consisted of the following major components: 

A Kaiser Holoprobe 532 Raman Spectrometer 

A 200 raW 532 nm Solid State YAG Laser 

Visionex Captron.Probe wilhintegral 532 nm notch filter 

Low-Hydroxyl Silica Fiberoptic Gabies 

A Gateway GS-400 Computerised to control spectrometer and record spectra. 
Stirred Vessel with Pressure Measurement/Control 

Experimental Procedure 

The Hydrogen concentration experiment was designed to provide a 
simulation of slurry loop : reactor conditions. Pentane was substituted for . 
propylene because of simpler handling requirements. Hydrogen concentration 
experiments were conducted in order to determine the sensitivity level of the 
hydrogen measurement. The polper properties experiment simply consisted of 
acquiring Raman -spectra of polypropylene granules. They are described in more 
detail below. • ' , 
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Weighed counts of polypropylene granules and pentane were added to 
. the vessel to create a slurry of known concentration. The vessel was then sealed 
purged with nitrogen, -and aghation was established. Hydrogen was men added to 
the system to achieve system „ M ^ _ - ^ ■ 

spectra were, collected and recorded in a manner similar as described above The 
.system pressure was used to estimate hydrogen concentration. This was repeated 
lor several slurry concentration Jevels. 

The polymer property experiment utilized the R ama n probe 
.spectrometer and related comment, but consisted of simply placlng the Raman 
probe m a plastic bag containing Polypropylene granules and acquiring spectra. 

Example 1 - Hydrogen Concentration 

Hydrogen exhibits a peak at a Raman shift of 4140 cm" This hydrogen 
peak along with two peaks from the pentane solvent (at 1361 cm- and 273 < ^ 
were used for the Hydrogen concentration measurement. These are shown in 
. Figures 5 a and .5b. § 

The pentane peaks were used in order, to establish the hydrogen 
measurement as a ratio against other major components. This method provides a : 
means of correcting the hydrogen prediction for changes in scattering intensity 
caused for example, by changing polymer concentration. Desirably, in polyolefm 
field reactors, measurement of hydrogen will also use one or more bands from the 
monomer and polymer. The area under each band (or peak) was integrated using 
Grams 32 data analysis software. The peak areas were used to develop a hydrogen " 
concentration prediction equation of the form: 

H 2 (ppm) = ** A, I38 + a 2 * (A^/A^l) + a 3 * (A 4138 /A 273S ) + C 
where: A„ are the Peak Areas- 

al..a3 are the regression coefficients 
C is a constant 

A plot of estimated hydrogen concentration versus Raman predicted hydrogen is 
shown in Figure 6. 
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Sample 2 - Hydrogen Measurement Sensitivity 

The determination of hydrogen measurement sensitive ™ 

:::::r b ; e : Df hyd - — - = 

sensitivity. This value is assumed tn 
»PP« level o f sensfflvity to: hydrogM as ^ ^ tf ™ ^ - 

We a ne 8 an TC impact . on , he meMur?ment ^ « ™ ^ 

~ y * hydrogen wa S eva.na.ed by ^ ^ / J ( ~ » 
compound (ace.nntt.e) in a P en t ane/po Iypropvlene sluny . A " ™ g ~ 

results tor hydrogen m propylene will be similar Th. i i 

below; : llar The calculations are shown 



Calculation Of Measurement Sensitivity/Repeatability 

Table 1 reports the results from 240 parts per million ("ppm") Hydrogen 
m Propylene repeatability test. • WOgen 



Table 1 

Noi Peaklft 



1 101.05' 

2 103.39 

3 108.54 

4 110.18 

5 112.24 

6 114.84 

7 108.46 
Avg. 108.35 
Stdev. 4.81 



An estimate of the repeatability in ppm H 2 (also the standard 
deviation in ppm of B0 of the instrument can be made using the standard 
deviation of the seven, sequential measurements. 

Repeatability (ppm H 2 )= (4.81/108.39) x 240 ppm 
= 10.6 ppm H2 
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-enu^™ detectable Iin.it cm be estimated a. thtee tmes ^ atm ,. 
^"^inppmof^ofmemeiauremeiit 

Minimum Detectable — 3 x std . Dev in ppm QfH 

**Jl ITr ^ minimUm deteCtab ' 6 * ««**-. U tbe above 
equipment configuration equals approximately 33 ppm B, 

Xmpact „, Former Shlrry „„ m Mmmnmm 

^re 7 :!>,„„.„., .be expanded sp ^ rf 
POiypropy.eneipemane stey at sevcra , polymer ^ ^ 

*» Figure 7 above, tbe acetonitrde pea* at S 0% p e, y p ropylene ^ V 

50/. aluixy. aimilaely depresses me bydrogeu p, ak size by 50 % ^ • 
estimated hydrogen sensitivity is as follows: 

Taken f rom above that Hydrogen measurement repeatability/sensitivity in 
propylene liquid is 10.6/ 33 p pm i-r^ then: 

H, Repeatability (at 50% polymer) = 10.6 p pm /0.5 = 22 ppm H 2 
H 2 Sensitivity (at 50 % polymer) = 33 pp m /0 ..5 = 66 ppm H 2 ' 

Example 3 - Polymer Properties Measurement 

The measurement of polypropylene properties such as MFR was based on 
the correlation of Raman spectra collected from polypropylenes with known (as 
determmed by a primary method such as NMR or a Rheomter) properties. 

Spectral Modeling for MFR 

Each individual spectra taken is represented by an array of approximately 
4400 frequency vs. intensity values. (1 row with 4400 columns). ?or a model set 
with 20 samples, this produces a data array with a dimension of 20 rows by 4400 
columns. • ! 1 
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To successfully produce a prediction, model fern this data array it is 
necessary to first reduce the size of the data set Thi„ ' 
„ . . , „ set Th,s was accomplished using 

Fnncrpa, Components Analysis (PCA). PCA reduces this ,arge data se, to a 
number o covarian, orthogonai vectors referred ho aa a Principal Components or 
PCs ^ Each PC contain, me cWariant (correlated) data contained in the data S ef 
The first PC represents the mghes, valued covartan, behavior, with each PC in 
descending order representing lower intensity (intensity value) intimation 

Each spectra is then signed a •■score" for each PC. The score is tire 
amount of each principal component found in the spectra. The scores represent 
the mdependen. variables that are regreased against properties of interest in order 

to produce a prediction model. The regression „f «,« 

1 "° regression ot the scores produced a 

regre SS1 on vector" with a coefficient for each intensity value utilized. 
The form of the predictive equation is : 
predicted value - + k^+ 

• where: A Xn is the absorbance at the n th frequency 

kxn is the regression coefficient for then 111 frequency 

MFR Prediction 

MPR prediction models; were developed on polypropylene granules 
samples prevrously characterized in the lab in accordance with ASTM D-1238 95 
.Procedure B. 1,'has been found U,ai i, is necessary ,o create separate prediction 
models for homopolymers and copolymers. 

Both the homopolymers' and copolymer models had the following 
characteristics: (i) 271cm" 1 to 1.913 cm" 1 Raman shift, (ii) Developed by PCA/PLS 
and (Hi) 4 Principal Components used in regression. 

A Raman spectrum of polypropylene granules is shown below in Figure 8. 
The frequency region used is illustrated on the plot. 

Figure 9 illustrates a parity plot of Raman predicted MFR versus Lab 
MFR. The Standard Error of Cross Validation (SUV) is as follows: ' 

Homo-polymers: 0.32 MFR 
f 

Copolymers: 0.41 MFR 



99B029.prv ,^- s • i 

19 



As can be seen from the Figure 9 tnertr^n^-.r. ! 

b e ^' s P ectr oscopic analysis, and particularly 

Raman analysis can be used to predict MFR. of polypropylene granules 

While the present invention has been described and illustrated by 
reference to particular embodies, it will be appreciated by those of ordinary 
skill in the art. that the invention lends itself to many different variations not 
illustrated herein. For these reasons, then, reference should be made solely to the- 
appended claims for purposes of determining the tme scope of the present 
invention. 

Although the appendant claims have single appendants in accordance 
with U.S. patent practice, each of the features in any of the appendant claims can 
be combined with each of the features of other appendant claims Or the main 
claim. 
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Claims 

The following is claimed: 

1. A method of olefto polarization in . reactor containing reactor 
constituents comprising the steps of: 

measuring in-situ a first reactor constituent in a liquid phase; and 
metering a flow of a second reactor constituent into the reactor in response 
to th e preceding measuring step . 

2. The method of claim 1 ^herein the first reactor consent is hydrogen. 

3. The method of claim X wherein the reactor constituents comprise at least 
60 weight percent of solids . • 



4 The method of claim 1 wherein the first and second reactor constituents 
are hydrogen. 



5 A method of olefin polymerization in a slurry reactor containing reactor 
constituents having a liquid phase comprising the steps of: 
irradiating in-situ the reactor constituents; 

measuring scattered energy from the irradiated reactor constituents; • ' 
determining a concentration of one or more reactor constituents; and 
metering a flow of at. least one reactor constituent into the reactor in 
response to the determining step. \ 

6. The method of claim 5. wherein the determining step is performed on at 
least one reactor constituent in the liquid phase. 



7. The method of claim. 6 wherein at least one of the reactor constituents in 
the liquid phase is hydrogen. 
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»■ . A method of polymerizing a polyolefin in , slum , 

^«-*»«. ,„„:,„,,„:, aesteps of y 

irradiating in-situ a sJuriy; 

measuring scattered energy from the slurry- 
d ~n g from t , e : measured scaftered ^ a 

more reactor constituents- 
-pa^ ft. concentration of ; M M more reacto constj 

OI m ° re VataM - «»— - one or more selected £Z 
properties of the polyolefin; and ■ 

^ris-crzrs 



ii 



3. The method of claim I2 wherein the flow of one or more of the reactor 
« tnto the reactor „ metered S nch that the polyolefin produced Jay 



99B029.prv 



22 



M- A method of polymerizmg pQlyoWn jn a 

co ns „ tU e ntsmaliquldphasecompr . singtheatepsof . -W-ctor 
irradiating in-situ the liquid phase; 

measuring the frequent scattered by the irradiated liquid phase- 
de temmta g from the measured frequencies a concentration of one or more 
reactor constituents; more 

comparing the conceouauon of one or more reactor constituents with one 

- - - - — *~ ~- - - 

K Thememod of elaun 14 wherein oneof the selected physical property of 
the polyo efin u a ntelt flow rate value within a seleeted m e„ flow rat. range and 
wherem the metered flow of one ot more reactor constituents into the reactor i s 
-tared such that the po.yo.efin produced may ho defined, in part. by a melt flow 
rate value within (he melt flow rate range. 

16. A method of polymerizing a polyol.fin i„ a stey , oop ^ ^ 
reactor constituents, including hydrogen, in a l.quid phaa. comprising th. steps of . 
irradiating in-situ the'liquid phase; 

measuring the frequency scattered.by the hydrogen in the liquid phase- 
determining the concentration of hydrogen in ihe liquid phase f rom the " 
measured frequency; \ ' t 

comparing the concentration of hydrogen to a hydrogen concentration 
yalue that correlates to a melt, flow rate value within a selected melt flow rate 
range; and '- 

metering, in response to the concentration of hydrogen measured, a flow 
of the hydrogen into the reactor such that the polyolefm produced may be defined, 
in part, by a melt flow rate value within the selected melt flow rate range. 
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ABSTRACT 



Method of olefin polymerization in a reactor, such as a- slurry loop olefin 
polymerization reactor, is provided. The method includes conducting in-situ real- 
time spectroscopic analysis of one or more reactor constituents. -The reactor 
constituents analyzed may be present in the reactor in either the liquid phase or 
the solid phase, .<* both. In response to the measured in-situ values, one or more 
reactor constituents may be metered into the reactor. 
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Figure 4. 
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Hydrogen Peak at 4138 cm-1 
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Figure 5b. 
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Figure 8. 



Frequenoy Region Used Jn MFR Model 
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